Endocytosis and breakdown of ribonuclease oligomers by sinusoidal rat liver cells in vivo. I. Effect of size.
Aspects of protein structure determining endocytosis of proteins by sinusoidal rat liver cells in vivo have been studied, using cross-linked or aggregated derivatives of bovine pancreatic ribonuclease A (labelled with 125I) as probes. Ribonuclease was cross-linked by reaction with dimethylsuberimidate, a way of modification that does not change the charge of the protein. Monomer, dimer and polymer fractions were isolated by gel filtration and characterized in respect of size and number of amino groups modified. Maintenance of enzyme activity, stability of disulfide bonds, and lack of susceptibility to endoproteases showed that the cross-linking procedure did not result in gross conformational changes of the ribonuclease molecules. Monomer, dimer and polymer fractions were injected into nephrectomized rats and plasma clearance and uptake in liver and spleen were determined. About 30% of the injected polymer fraction was found in liver 15 min after injection; for dimer and monomer fractions values of 6% and 2% of the dose were found. Similar differences were found in spleen. Autoradiography, cell isolation, and subcellular fractionation showed that in liver the radioactive proteins were taken up in lysosomes of sinusoidal cells. Similar results were obtained with fractions of aggregated ribonuclease prepared by freeze-drying the protein from 50% acetic acid. Our results demonstrate that the rate of uptake of the ribonuclease derivatives is positively correlated with the size of the molecules. Similarity of the results obtained with cross-linked and aggregated fractions suggests that the number of ribonuclease 'subunits'/molecule, rather than the procedures used to prepare the polymers, determine the rate of uptake by liver and spleen.